Triglyceride composition and trans fatty acid content of corn oil subjected to microwave and conventional heating were evaluated with the aid of central composite design methodology. Oil samples with and without αtocopherol were prepared on the basis of central composite design and, the effects of the main three factors (temperature, contact time, and the amount of α-tocopherol) were tired to investigate 10 at different five levels. Linoleic acid-linoleic acid-linoleic acid content in triglyceride structure of corn oil and the amount of trans fatty acids in the same oils were taken as response values for evaluation of central composite design assays. Based on the response surface, the optimum conditions (at which trans fatty acid formation and the change in the triglyceride composition are minimum) were determined for both heating procedures. The results showed that the increasing of the temperature and contact time increased the trans fatty acid formation and changed triglyceride structure of the oil in both heating techniques, although, the addition of α-tocopherol at high concentration caused pro-oxidant effect on triglyceride composition (bad effect), while reducing the formation of trans fatty acid (good effect). The results revealed that the heating 20 treatments caused significant changes in the triglyceride composition and trans fatty acid isomers of unsaturated fatty acids of the oil, while the saturated fatty acid contents did not change substantially. These alterations were much greater in microwave-heated samples (trans fatty acid ≤ 7.26%) than in Q3 corresponding samples heated in a conventional stove (trans fatty acid ≤ 0.56%).
Introduction
Today, different cooking processes such as hot pot (conventional; C), microwave (MW), barbecue, frying, and patty cooking involve the use of a wide variety of food and cooking oils. The most common of these processes are C and MW cooking methods. The C cooking method is the most preferred technique and can cause different chemical changes in the edible oil. Over the last 20 years, MW ovens have used in home and industry for baking, blanching, cooking, drying, pasteurization, sterilization, and thawing of various food products, because of their unique heating ability, offers many advantages, convenience, rapidity, and economy. [1] [2] [3] Although MW ovens have some advantages, they have also some disadvantages such as formation of free radicals, free fatty acids, and trans isomer in the edible oil. [3] [4] [5] In MW heating, foods are exposed to electromagnetic energy with the molecular constituents of food for heat transmission. [6] Edible oils which have predominantly unsaturated fatty acids are oxidized and their fatty acids in the form of cis were transformed to another structures (trans and conjugated fatty acid, etc.) under some condition such as heat, light, air, photosensitizing agents, free radicals, moisture, and heavy metals. [7] [8] [9] [10] [11] Oxidation products cause decrease in oxidative stability, quality and shelf life, loss of organoleptic characteristics as color, taste, and odor. [7, 12] At the same time, oxidation products might causes cancer and effect of cytotoxicity and atherogenicity, hypertension. [7, 9, [12] [13] [14] Trans fatty acids (TFAs) are also dangerous for health in terms of they have higher melting point, more stable, higher total plasma and raise low density lipoprotein (LDL) cholesterol levels and lower high density lipoprotein (HDL) cholesterol levels, [15] contribute to the risk of myocardial infarction. [16] Some works reported that peroxide value, conjugated dienes (CD) and conjugated trienes (CT), p-anisidine value (p-AV), free fatty acids, and trans-isomer ratio [1, [17] [18] [19] was increased with the increasing of time and temperature for the oils heated by MW and C procedures. Besides, degree of oxidation is related to unsaturated fatty acid ratio. Higher unsaturated fatty acid ratio is increased the formation of the oxidized products. [3, 18] Tocopherols and tocotrienols, together abbreviated as tocols and summarized under the term vitamin E, are a group of fat soluble antioxidants with a chromanol ring and a hydrophobic side chain (phytyl in the case of tocopherols, isoprenyl in the case of tocotrienols). [20, 21] Tocopherols and tocotrienols have different antioxidant and biological activities, such as reduce the risk of cardiovascular diseases and of certain types of cancer, [20, [22] [23] [24] decreasing platelet aggregation, LDL oxidation, and delaying intra-arterial thrombus formation, [20, 25] inhibiting lipid peroxidation in biological membranes, [26, 27] breaking free radical chain reactions and provides some natural oxidative protection to the oils, [28, 29] and contribute to their nutritional value. [5] Some works reported that MW and convectional heating decreased tocopherols with increasing of time and temperature. [3, 5] The experimental design techniques are used in biological studies, process analysis and modeling are an alternative and more efficient approach. [30, 31] The central composite design (CCD), which belongs to experimental design techniques, is used for multivariable systems such as method optimization and development, multivariable analysis and method condition. [30, [32] [33] [34] CCD has many advantages over the classical "one factor at a time" experiments because the factors involved in an experiment are being simultaneously changed, it requires fewer experiments than a full factorial design. [32, 33] CCD gives almost as much information as a multilevel factorial, and thus CCD methodology can be easily used for identification of quality parameters in edible oils. [30, 31, 35] The aim of this study was to investigate the effects of the MW and C heating procedures on the TGC and TFA content of corn oil with the aid of CCD methodology. In order to understand the impacts of two heating procedures in the changes of the oil structure, three factors (temperature, contact time, and the amount of α-tocopherol) were evaluated and chemometric protocols of the response surface design were successfully employed.
Materials and methods

Chemicals and reagents
All chemicals and solvents were of high-performance liquid chromatography (HPLC) and gas chromatography (GC) grade and obtained from Merck (Darmstadt, Germany) and VWR International (USA). Corn oil sample was obtained from local market in Konya, Turkey.
Experimental design
CCD methodology with three factors including temperature, contact time, and the amount of α-tocopherol and five levels (-1.68, -1, 0, +1, +1.68) was applied for investigation of the MW and C heating techniques on corn oil. The CCD was constructed as in Table 1 . Table 1 and the actual  design experiments were listed in Table 2 . The total of 23 experiments were conducted, and response values were taken as the mean values of three results (relative standard deviation < 0.5%). The trial version 9 of the Design Expert software (Stat-Ease Corporation, USA) was utilized for the analysis of the CCD experiments.
MW and C heating procedure
Oil samples (25.0 ± 0.1 g) containing the different amounts of α-tocopherol according to the CCD (Tables 1 and 2) were weighted in glass flask for each process. The MW oven with rotating glass tray 27 cm was purchased from BEKO (MD 1510 model 1200 W manufactured Turkey). Samples were placed at equal distances on a rotary plate of the MW oven and heated at different times and levels according to the CCD (Tables 1 and 2). The same processes were carried out in a C heating on electrical convection heater (IKAMAG RCT Basic, IKA Labortechnik, Germany) having temperature controlled with thermocouple. Samples were placed on plate center of the heater and heated at different times and temperatures according to the CCD (Tables 1 and 2). After the heating process, the oil samples were cooled immediately, stored in amber glass flask at 4°C and brought to room temperature before use. Table 2 . CCD for the three independent variables.
Exp. Temperature (°C) Amount of α-tocopherol (mg/kg) Contact time Analysis HPLC conditions for triglyceride analysis HPLC system was consisted of a 1200 series Agilent Technologies G1311A model quaternary pump, a G1315B model diode array detector (DAD), a G1329A model automatic injector system, a G1316A model thermostated column compartment. Data were recorded by a Chemstation B.03.02-2008 data processor (Agilent Technologies Inc., Wilmington, DE, USA). The triglycerides content were determined by direct injection of the oil samples into HPLC system. For this purpose, 1 g of oil was dissolved in 10 mL acetone, and 20 μL aliquot of it was injected into ACE 5 C18 column (250 × 4 mm, 5 µm particle size, Advanced Chromatography Technologies., Aberdeen, Scotland). A mixture of acetonitrile and acetone (1:1, v/v) was used as a mobile phase at a flow rate of 1.5 mL min -1 by an isocratic elution. [36] The temperatures of column and detector were kept at 25°C. Obtained peaks were detected using a DAD detector set at wavelength of 215 nm. Triglyceride kits were purchased from Sigma-Aldrich (TRI19-1KT, Supelco® Triglycerides Kit, USA). Triglyceride composition (TGC) was identified by comparison of their retention times with those of authentic standards. All standard solutions were prepared weekly and stored in the dark at 0°C.
Preparation of fatty acid methyl esters (FAME)
Corn oil samples were converted to their respective methyl esters by base-catalyzed procedure.- [37] [38] [39] As per protocol of procedure, 1 g of oil samples was methylated with 1 mL of 2 N methanolic KOH for 10 min at room temperature. Methyl esters were extracted with 7 mL of hexane. After centrifugation (4000 rpm/min), hexane layer containing FAME was collected and injected to GC. [37, 38] GC conditions for FAME analysis In the present study, Agilent 7890 Series GC-flame ionization detector (FID) fitted with HP-88 column (100 m, 0.25 mm, 0.25 µm, Agilent Technologies, ABD) was used for fatty acid composition (FAC) analysis of corn oil samples. Helium was used as carrier gas. The temperature of the injection port and detector were maintained at 250°C. The oven temperature was programmed to initiate at 50°C for 10 min, then the temperature was raised to 240°C at a rate of 4°C min -1 , held there for 10 min. The FAME dissolved in hexane was injected (1 μL) in a split mode of injection at a split ratio of 100:1. Flow rates of H 2 and air were adjusted to 30 and 300 mL min −1 , respectively. Chromatograms were recorded using Agilent 1200 Series-B.03.02 software program. Identification of the individual FA was accomplished by comparing GC retention time with that of the authorized pure commercial standards of Supelco 37-Component FAME Mix. Area under each FA peak relative to the total area of all FA peaks was used to quantify the FAs identified and the obtained results are reported as percentage of FA.
Results and discussions
CCD CCD that developed by Box and Wilson [40] is widely used on experimental design to investigated the main influences of different factors with minimum experimental runs. In this study, CCD concluding 23 experimental points (see Table 2 ) which were much fewer experiments than a full factorial design was used for investigation of the effects of MW and C heating techniques on corn oil. For this purpose, the combined effects of the temperature, contact time and, the amount of α-tocopherol taken as factors were examined in the experiments. Linoleic acid-linoleic acid-linoleic acid (LLL) content present in the corn oil as the most abundant and the amount of TFA were taken as response values for CCD evaluation. After conducting of all experiments, the best fitting model was determined via regression. The information obtained from Design Expert software program showed that our results were fitted to quadratic polynomial model. When considering the relation between the response and the variables described, quadratic polynomial model was adapted as in the following equation. [41] Y :
where Y represents the response value, β 0 is a constant, β i , β ii , and β ij are the linear, quadratic, and interactive coefficients, respectively.
Evaluation of the TGC and TFA content for MW heating
The final estimative response model equation based on the actual value by which the effects of MW heating parameters were predicted for LLL (Eq. [2] ) and total TFA content (Eq. [3] ), as follows:
Total TFA% ¼0:3162 þ 1:
By Eqs. (2) and (3), the response surfaces modeling of LLL% and total TFA% were created as the three-dimension (3D) and normal plot of the residuals and shown in Figs. 1 and 2, respectively. The 3D plots indicate the interaction between the factors and responses of LLL% and total TFA% for MW heating. It can be seen from Figs. 1a and 1c, the samples including more α-tocopherol were found to have lower LLL% content in MW heating experiments. Although, LLL% decreased for long-term heating procedures throughout the contact time, it did not change for samples containing less α-tocopherol with contact time (Figs. 1b and 1c ). This means that decrease of the LLL% was due to the prooxidant effect of α-tocopherol at high concentrations in foods and oils, [42] and hydrolysis of triglycerides and their fatty acids. Also, temperature did not affect the changing of the LLL% of oil.
As for total TFA content, it also decreased when α-tocopherol increased in the sample while it increased at high temperatures in MW heating procedures ( Figs. 2a and 2b) . Also, the increasing of the contact time increased the formation of TFAs. (Fig. 2c ). Here, the most remarkable point is that the addition of the α-tocopherol demonstrated a supportive impact with the reducing capability of TFA formation, in contrast that of the triglyceride analysis.
Evaluation of the TGC and TFA content for convectional heating
Similar to the MW heating procedure, the final conjectural response model equation based on the actual value by which the effects of C heating parameters were predicted for LLL (Eq. [4] ) and total TFA content (Eq. [5] ), as follows:
Total TFA% ¼ 0:4173 þ 0:0235X 1 À 0:0055X 2 À 0:0019X 3 À 0:0094X 1 2 À 0:0147X 2 2 þ 0:0030X 3 2 þ 0:00225X 1 X 2 À 0:0075X 2 X 3 þ 0:0500X 1 X 3 À 0:0300X 1 X 2 X 3
By Eqs. (4) and (5), the response surfaces modeling of LLL% and total TFA% were created as the 3D and normal plot of the residuals and shown in Figs. 3 and 4 respectively. The 3D plots indicate the interaction between the factors and responses of LLL% and total TFA% for convectional heating.
It can be seen from Fig. 3 , the samples added more α-tocopherol had a lower LLL% content due to the prooxidan effect of the tocopherol. However, LLL% did not change significantly for samples subjected to longer heating contact time (Figs. 3b and 3c ). Total TFA content decreased with the more addition of α-tocopherol ( Figs. 4a and 4c) , whereas it increased when the contact time was increased and heating temperature was decreased (Fig. 4b) .
Comparison of the MW and C heating techniques
The TGC results obtained for MW and C heating experiments are shown in Tables 3 and 4 respectively. The data proved once again that LLL, OLL, and PLL are major triglyceride components for corn oil. [43, 44] Therefore, for both heating procedures, the biggest variation in the triglyceride structures occurred in the linoleic acid parts which are the major constituent of corn oil. However, the significant changes were not observed for other triglyceride components which don`t contain linoleic acid such as OOO and POP.
For MW heating experiments, the highest variation in LLL, OLL, and PLL contents was observed for MW11 sample which was subjected to the highest temperature, whereas the significant changes were not observed for MW10 sample which was subjected to the lowest temperature. At the same time LLL, OLL, and PLL contents did not change significantly experiments for MW13 and MW15 samples that had the highest α-tocopherol content and contact time, respectively. Similar results were obtained for repeat experiments (9 and 16-23) performed under the same conditions.
For C heating experiments, except for LLL, OLL, and PLL contents, any significant changes in the triglycerides components was not observed. The highest variation in LLL, OLL, and PLL contents was observed for C12 sample which had the lowest α-tocopherol content, whereas the limited changes were monitored for C13 sample which had the highest α-tocopherol content. Beside, LLL, OLL and PLL contents did not significantly change for C11 sample that subjected to the highest temperature. For repeat experiments which are performed under the same conditions, close results were also obtained (9 and 16-23).
As stated previously, while the most effective factor for MW heating procedure was temperature; the addition of α-tocopherol into oil samples was the most influential factor for C heating procedures in determination of the TGC. These results are due to the effect of the MW energy. This energy potentiates the effects of the temperature, because the heating is made as a consequence, mainly, of the internal friction of the molecules. [45] Therefore, temperature rise is very fast in MW ovens and generated heat can easily permeate into the food. The data obtained by the researchers showed that severe the hydrolytic and oxidative degradations took place in the oil during the MW heating. [3, 6] Since oil oxidation involves free radicals, this heating process could accelerate all of the oxidative reactions at a higher rate than C oven heating or frying processes. For this reason, temperature showed a predominant effect and located in front of the other factors in MW heating procedure. [46] The FAC results obtained for MW and C heating experiments are shown in Tables 5 and 6 , respectively. As can be seen from the data, linoleic, oleic, palmitic, and stearic acids were found to be major fatty acids for corn oil. [47, 48] When comparing the FAC data for two different heating procedures, while the significant change was observed in the FAC for MW heating, it was not observed for convectional heating. The changes observed in the MW heating were occurred on unsaturated fatty acids, particularly in the percentage of the linoleic acid.
The MW heating experiments revealed that maximum TFA formation was observed for the samples of MW11 (7.26%) and MW8 (3.41%) which subjected to the higher heating temperature. TFA content was also found to be more for the samples of MW15 (%1.08) treated in long contact time. However, TFAs formation in the sample of MW3 (0.28%) containing high amount of α-tocopherol was decreased. The majority of the total TFAs consist from trans linoleic acid because of the linoleic acid is the major fatty acids of corn oil.
As for C heating experiments, total TFA content was increased at higher temperature and longer contact time such as the experiment of C11 (0.56%) and C15 (0.48%), although the total TFA content was decreased with the increasing of the amount of added α-tocopherol such as the experiment of C13 (0.35%). When considering the results obtained from two heating procedures, the TFA formation was found to be more for oil samples heated at high temperature and long contact time while it was determined lower for the samples containing high α-tocopherol. But of course, TFA formation has been much more in the MW heating procedure (7.26%) compared to the C heating procedure (0.56 %) [1, 49] due to the effect of the MW energy. [4, 6] 
Conclusion
In this study, the effects of the MW and C heating techniques on the changing of the TGC and the formation of TFAs in corn oil samples were investigated via CCD methodology. The results of the CCD experiments examining the effect of three factors (temperature, contact time, and the amount of α-tocopherol) showed that the effectiveness of the selected factors varied depending on the type of heating procedure. Namely, for the change in the TGC of corn oil the most effective factor was determined as temperature in the MW heating procedure, while the addition of α-tocopherol into oil samples was the most effective factor in C heating procedures. For the change in the TFA content of corn oil all factors were found to be highly effective for both heating procedures, however the high temperature and contact time caused the increasing of the TFAs formation, while the addition of the high amount of α-tocopherol significantly inhibited this formation. Also, the increase of TFAs content was observed much more in MW heating procedure compared to the C heating procedure. As a conclusion, this study demonstrated that CCD methodology can be successfully used for modeling the some operating parameters of heating procedure for vegetable oil because of the good way of obtaining the useful information in a short period of time and with the minimum number of the experiments.
